Background Compared to the open approach, randomized trials have shown that laparoscopic colectomy is associated with a shorter hospitalization without increases in morbidity or mortality rates. With broader adoption of laparoscopic colectomy for cancer in the USA, it is unclear if laparoscopic colectomy continues to be associated with shorter hospitalization and comparable morbidity. Purpose The purpose of this study is to determine if hospitals where a greater proportion of colon resections for cancer are approached laparoscopically (laparoscopy rate) achieve improved short-term outcomes compared to hospitals with lower laparoscopy rates. Methods From the 2008-2009 Nationwide Inpatient Sample, we identified hospitals where ≤12 colon resections for cancer were reported with ≥1 approached laparoscopically. We assessed the correlation between a hospital's laparoscopy rate and risk-standardized outcomes (intra-and postoperative morbidity, in-hospital mortality rates, and average length of stay). Results Overall, 6,806 colon resections were performed at 276 hospitals. Variation was noted in hospital laparoscopy rates (median052.0 %, range03.8-100 %) and risk-standardized intra-(2.7 %, 1.8-8.6 %) and postoperative morbidity (27.8 %, 16.4-53.4 %), in-hospital mortality (0.7 %, 0.3-42.0 %), and average length of stay (7.0 days, 4.9-10.3 days). While no association was noted with in-hospital mortality, higher laparoscopy rates were correlated with lower postoperative morbidity [correlation coefficient (r)0−0.12, p00.04) and shorter hospital stays (r0−0.23, p<0.001), but higher intraoperative morbidity (r00.19, p<0.001) rates. This was not observed among hospitals with high procedure volumes. Conclusions Higher laparoscopy rates were associated with only slightly lower postoperative morbidity rates and modestly shorter hospitalizations.
Introduction
Following early reports describing laparoscopic colon resection, 1, 2 widespread adoption of the technique was slowed by concerns over patient safety and oncologic effectiveness 3, 4 prompting a series of prospective, randomized trials. [5] [6] [7] Results from these trials demonstrated that, in experienced hands, laparoscopy achieved comparable oncologic results 8 with improved short-term outcomes compared to open surgery. 9 Based on these findings, the laparoscopic approach to colon resection has seen a marked increase in adoption over the last several years. 10 By 2009, nearly half of all colon resections performed for cancer in the USA were being approached laparoscopically. 11 As laparoscopic colon resection for the treatment of cancer gains prominence, it is important to ensure that the promising outcomes of clinical trials are being realized in clinical practice. 12 This is particularly important as advanced surgical procedures may be associated with more frequent intraoperative complications during early phases of adoption. 13 The most recent reports evaluating outcomes in clinical practice suggested laparoscopy was associated with a substantial reduction in mortality 14 and overall morbidity 15, 16 compared to open surgery. However, these reports may have been susceptible to bias through an inability to accurately identify laparoscopic cases. At the time of prior studies, it was estimated that fewer than 10 % of cases were approached laparoscopically. 17, 18 With laparoscopy accounting for nearly half of all cases performed for cancer, it is unknown whether outcomes remain comparable between the open and laparoscopic approaches in clinical practice. We therefore conducted a hospital-level analysis to compare the proportion of colon resections approached laparoscopically (a hospital's laparoscopy rate) with the risk-standardized outcomes achieved during the hospital encounter. In this manner, we determined if higher laparoscopy rates were associated with more, or less, frequent intraoperative complications, postoperative morbidity, in-hospital mortality, and hospital length of stay. Because outcomes may be related to laparoscopic colon resection-specific volume or overall colectomy volume, we evaluated these outcomes among hospitals in the highest quartile for each.
Methods
We used the 2008-2009 Nationwide Inpatient Sample (NIS) for this study. Data for the NIS are collected at the state level from hospital discharge records, reported to the Agency for Healthcare Research and Quality, and made publicly available via the Healthcare Cost and Utilization Project. The records are drawn from approximately 1,000 non-Federal, short-term, general and specialty hospitals, and include nearly 8 million discharges per year. Hospitals that are sampled contribute 100 % of their discharges during the study period to the database, allowing for annual case volume to be determined. Each discharge abstract includes sociodemographic, hospital, and clinical variables, including up to 25 For the purposes of this study, cases with evidence of a procedure converted to open (ICD-9-CM codes V64.40, V64.41) were considered to have had a laparoscopic procedure and counted in this group. From this sample, we excluded patients treated at hospitals with an annual volume less than 12 cases and at hospitals where no cases were approached laparoscopically. This was done to reduce the likelihood of administrative coding errors, creating a more homogenous sample of hospitals, and allow for more reasonable approximation of a hospital's laparoscopy rate.
Defining the Outcomes
We defined four outcomes for the hospital encounter: intraoperative morbidity, postoperative morbidity, in-hospital mortality, and length of stay. To assess intraoperative and postoperative morbidity, we used a previously reported ICD-9-CM coding algorithm 21 which defines complications based on diagnostic and procedural coding (Appendix). Intraoperative morbidity included accidental puncture or laceration of structures and hemorrhage complicating a procedure; postoperative morbidity included mechanical wound, infectious, urinary, pulmonary, gastrointestinal, and cardiovascular complications. Variables indicating inhospital mortality and length of stay are available in the NIS data set.
Covariates
Additional covariates were collected to describe the patient population and for use in subsequent risk adjustment. Patient characteristics included age, sex, race (white, black, other, or missing), primary payer status (private insurance, Medicare, Medicaid, or other), and 23 of the 29 comorbid conditions previously defined by Elixhauser et al., including the presence of node positive or metastatic disease. 22 Of the six conditions excluded, "history of a solid tumor" applied to all patients and would not contribute to risk adjustment. The remaining five conditions were present in less than 1.0 % of the total population (AIDS or HIV00.04 %, peptic ulcer disease00.10 %, drug abuse00.25 %, lymphoma0 0.75 %, and paralysis00.90 %). In addition, we identified the anatomic resection performed (right hemicolectomy, left hemicolectomy, or "other"; see Appendix for ICD-9-CM codes).
Statistical Analysis
First, all patient characteristics and patient-level outcomes were presented using descriptive statistics, both overall and by surgical approach. Comparisons between the open and laparoscopic groups were made with the chi-squared test (for categorical variables) or the t test (for continuous variables). Second, we aggregated the data to the hospital level and calculated observed outcome rates (intraoperative morbidity, postoperative morbidity, and in-hospital mortality) and average lengths of stay. Third, we calculated hospitals' risk-standardized outcome rates. The hospital-level, riskstandardized rates (for intraoperative morbidity, postoperative morbidity, and in-hospital mortality) were derived from hierarchical logistic regression models that adjusted for age, sex, race, primary payer status, the individual comorbid medical conditions previously described (except for inhospital mortality, where the conditions were categorized as 0, 1-2, or 3+), and a hospital-specific random effect. The rates are calculated as the ratio of the number of "predicted" outcomes (obtained from a model applying the hospitalspecific effect) to the number of "expected" outcomes (obtained from a model applying the average effect among hospitals), multiplied by the unadjusted rate for the entire sample. We specified a binary distribution for each dichotomous outcome. Hospital-level length of stay was riskstandardized in the same way, except a negative binomial was specified in the hierarchical regression model. 23 Next, the laparoscopy rate for each hospital was determined by dividing the number of laparoscopic colon resections performed for cancer (numerator) by the total number of open and laparoscopic colon resections performed for cancer (denominator). We then assessed the correlation between hospital laparoscopy rate and each risk-standardized outcome, weighting by hospital volume. The weighted correlation coefficient (r) was then squared and multiplied by 100 to express the percentage of variation in a given outcome that was explained by the laparoscopy rate. 24 Finally, because procedural experience may be related to outcomes, we conducted a sensitivity analysis, we limited the data set to (1) hospitals in the highest quartile for laparoscopic colectomy volume specifically (>15 laparoscopy cases/year) and (2) overall colectomy volume (>30 colectomy cases) during the study period.
All analyses were conducted using SAS version 9.2 (SAS Institute, Cary, NC). Hierarchical models were fitted by using the GLIMMIX procedure in SAS. All statistical tests were two-sided, and p values <0.05 were considered significant. Because this study used publicly available data that do not include patient identifiers, it was considered exempt from review by the Yale University Human Investigations Committee.
Results
Our sample included 6,806 patients, who were treated at 276 hospitals across the USA. Sample characteristics are summarized in Table 1 . On average, patients were aged 68.3 years, were predominantly white (67.5 %), and underwent a right hemicolectomy (57.4 %). Over a quarter (27.5 %) of patients had evidence of node positive or metastatic disease. In this sample, the surgical procedure was approached laparoscopically in 50. 
Observed Hospital Laparoscopy Rates and Outcomes
The median hospital-level laparoscopy rate was 52.0 % but varied substantially across the 276 hospitals, with a range of 96.2 % (Table 2; minimum03.8 %, maximum0100.0 %). Similarly, observed intraoperative morbidity (median00 %, range023.1 %), postoperative morbidity (median025.8 %, range 083.3 %), in-hospital mortality (median 00.0 %, range016.7 %), and average length of stay varied widely across hospitals.
Association Between a Hospital's Risk-Standardized Outcomes and Laparoscopy Rate
Results of the overall correlation analyses are presented in Fig. 1 . There was a significant, positive correlation between a hospital's risk-standardized intraoperative morbidity rate and its laparoscopy rate (r00.19, p00.001). However, this correlation was weak, with the laparoscopy rate accounting for only 3.6 % of the variation in hospital intraoperative morbidity rates. For example, the difference in the riskstandardized intraoperative morbidity rate between hospitals in the lowest (<31.5 %) and highest quartile (≥66.7 %) was small (lowest quartile02.9 % vs. highest quartile 03.3 %). Additionally, there were significant correlations between higher laparoscopy rates and less frequent risk-standardized, postoperative morbidity (r0−0.12, 
Sensitivity Analysis
Because procedural experience may influence surgical outcomes, we restricted the analysis to hospitals in the highest volume quartile for the number of laparoscopic colon resections performed for cancer (15+ annually). Among this subsample of 3,156 patients treated at 74 hospitals, there was no significant correlation between laparoscopy and riskstandardized intraoperative morbidity rates (r00.03, p0 0.78). Consistent with the overall sample, the laparoscopy rate was correlated with less frequent risk-standardized, postoperative morbidity (r0−0.23, p00.047) and shorter, risk-standardized average length of stay (r 0−0.24, p 0 0.03). No correlation was noted between laparoscopy and risk-standardized, in-hospital mortality rates (see Fig. 2 ). We noted similar findings when outcomes were evaluated among hospitals in the highest volume quartile for open and laparoscopic colon resection combined (30+ annually) with no correlation between laparoscopy rate and intraoperative morbidity or in-hospital mortality, but a modest correlation with less frequent postoperative morbidity and shorter average length of stay (data not shown). Additionally, including patient-specific variables for the anatomic resection performed or hospital-specific variables for teaching status or rural-urban designation did not significantly alter these findings.
Discussion
While nearly half of colon resections for cancer were approached laparoscopically in the overall sample, the hospital-level laparoscopy rate varied substantially. Hospitals with higher laparoscopy rates achieved modestly shorter hospital stays. However, the morbidity outcomes were mixed: hospitals with higher laparoscopy rates tended to have higher risk-standardized, intraoperative morbidity rates, but lower postoperative morbidity. However, the ascertainment of postoperative morbidity may be different in laparoscopy and open cases given the shorter hospital stays with laparoscopy. Further, when this relationship was evaluated among hospitals in the highest quartile of laparoscopic colon resection volume, the relationship was no longer significant suggesting procedure-specific experience may be related to this outcome. These findings are comparable to outcomes achieved in clinical trials: similar overall postoperative morbidity and mortality between operative approaches with shorter hospitalizations among those treated laparoscopically. [25] [26] [27] Similarly, a recent meta-analysis has suggested more frequent intraoperative complications with the laparoscopic approach. 13 The fact that we did not observe a significant relationship between laparoscopy rate and higher postoperative morbidity or in-hospital mortality is a noteworthy Fig. 1 Scatter plot and correlation between a hospital's risk-standardized outcomes (y-axis) and the proportion of colectomy cases approached laparoscopically at that hospital (x-axis0laparoscopy rate) in the overall sample (N0276 hospitals)
finding. As this procedure has moved from the more idealized environment of clinical trials to clinical practice, we observe similar results.
Prior hospital-level studies have evaluated outcomes after colon resection for cancer in terms of mortality, length of stay, and 30-day readmission rates. These studies were conducted primarily among the Medicare population in the late 1990s, and the correlation was with overall hospital volume. At that time, hospitals with higher case volumes were noted to have comparable mortality rates and length of stay, but lower 30-day readmission rates. [28] [29] [30] In the current study, we found a trend toward improved, in-hospital outcomes, excluding mortality, with higher laparoscopy rates even while considering overall hospital volume. While we were unable to evaluate outcomes beyond the initial hospitalization, it has been suggested that laparoscopy may be associated with fewer hospital readmissions. 31 This outcome warrants further investigation as to ensure shorter hospitalizations are not gained at the expense of more frequent readmissions.
These data suggest less dramatic benefits than have been previously described from patient-level analyses. [14] [15] [16] This difference may be related to several factors. First, the identification of laparoscopy cases has changed since these prior studies were conducted. Whereas earlier studies combined diagnostic laparoscopy with open colectomy coding to define a "laparoscopic" case, newer studies can use unique coding to designate a laparoscopic case. Second, the use of observational data, particularly at the patient-level, is associated with limitations that can overestimate treatment effects or lead to inaccurate conclusions. 32, 33 We believe a hospital-level analysis evaluating risk-standardized outcomes helps address some limitations of patient-level studies, including selection bias. By conducting the study at the hospital-level, patients are not selected by procedure, fewer differences are seen between the hospital populations, and hospital differences can be described using the hierarchical generalized linear models (HGLM). Further, a hospital-level analysis using HGLM helps account for variation in hospital performance which can be important predictors of outcomes in addition to patient-level factors.
The results of this study should be interpreted with several limitations in mind. First, although administrative data sets based on ICD-9-CM coding now allow for the identification of laparoscopic colon resections, more specific detail does not exist to indicate what proportion used hand-assist, single-incision, or were only partly completed laparoscopically. Therefore, we cannot comment on how the specific laparoscopic technique may influence outcomes. Second, we cannot determine cause and effect in this cross-sectional data, but rather suggest an association between the laparoscopy rate and outcomes. Further, we are unable to determine whether laparoscopic surgery improves outcomes beyond the initial admission using the current data set. Understanding how longer-term outcomes are influenced by the surgical approach, including readmission rates, emergency department visit rates, incisional hernias, or obstruction, should be further evaluated. Finally, the source of variation in outcomes seen across hospitals is multifactorial. We examined only one factor which may contribute to this variation. Future studies should evaluate other factors so that best practices can be identified. Fig. 2 Scatter plot and correlation between a hospital's risk-standardized outcomes (yaxis) and the proportion of colectomy cases approached laparoscopically at that hospital (x-axis0laparoscopy rate) among hospitals (N074) in the highest quartile of laparoscopicspecific
In conclusion, despite broad utilization of laparoscopic colon resection for cancer outcomes remain favorable with trends toward mildly lower risk-standardized postoperative complication rates and modestly shorter hospitalizations. While there was also a small increase in risk-standardized intraoperative morbidity, this did not appear to impact the patient's overall hospital course and was not seen among hospitals with high procedure volume. 
